Introduction: Few longitudinal studies have examined how awareness, use of, and beliefs about electronic cigarettes (e-cigarettes) and snus change over time. We assessed these trends in a cohort of young adults from the US Midwest. Methods: Data were from the Minnesota Adolescent Community Cohort (MACC) Study, collected annually during 2010-2013 when participants were 21-29 years old (n = 2622). Participants were asked if they had heard of and ever used e-cigarettes and snus, and the number of days they used these products in the past 30 days. Beliefs about whether these products are less harmful than cigarettes, less addictive than cigarettes, and could help people quit smoking were assessed. Repeated measures multiple linear and logistic regression models, adjusting for demographics, peer smoking and smoking status, were used to assess trends. Results: Compared to 2010Compared to -2011Compared to , participants in 2012Compared to -2013 were five times more likely to be aware of e-cigarettes, report ever used them, and report using them in the past 30-days. Increases in e-cigarette use were observed in all smoking status. Participants were also increasingly likely to believe that e-cigarettes are less harmful than combustible cigarettes and could help people quit smoking. There was only a modest increase in awareness of and ever using snus, as well as believing snus is less harmful than combustible cigarettes. These trends did not differ by smoking status. Conclusions: The increasingly favorable beliefs about e-cigarettes may explain the increasing prevalence of their use particularly among young adults, both among smokers and nonsmokers. Implications: Awareness and use of e-cigarettes have increased substantially over the past few years, and positive beliefs of e-cigarettes have also become more prevalent among young adults. Meanwhile, little changes in awareness, use of, and beliefs about snus among young adults. Given the potential of these products to have both positive and negative impact on public health depending on who use them and how they are used, strategically communicating the risks associated with e-cigarettes and snus use may help minimize the burden of tobacco use at the population level.
Introduction
Electronic cigarettes (e-cigarettes) and snus are a novel product that have been recently introduced into the US marketplace. E-cigarettes could potentially either reduce or increase the population burden caused by smoking. 1 Studies have found that e-cigarettes contain lower levels of toxicants compared to combustible cigarettes, 2 and e-cigarettes have been promoted as cessation aids by their
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manufacturers. 3, 4 If smokers switch completely from smoking combustible cigarettes to e-cigarettes, they could be reducing their risks of developing smoking-related illnesses. However, despite many users claiming to use e-cigarettes to quit or reduce smoking, [5] [6] [7] [8] [9] a recent meta-analysis showed that in population-based studies, smokers who use e-cigarettes were less likely than those who do not use e-cigarettes to be successful in quitting smoking. 10 On the other hand, a randomized controlled trial showed that smoking cessation rates were statistically indistinguishable between those who were randomized into using e-cigarettes and those randomized into using nicotine replacement therapy in assisting smoking cessation. 11 Meanwhile, e-cigarettes could increase the population burden caused by tobacco use if e-cigarette use leads to combustible cigarette smoking. Several US studies suggest that e-cigarette use is associated with subsequent combustible cigarette smoking among youth. [12] [13] [14] [15] Awareness and use of e-cigarettes in the US are increasing. The proportion of US adults (ages 18 years or above) who are aware of e-cigarettes increased from 40.9% in 2010 to 79.7% in 2013, and the proportion of US adults ever using e-cigarettes increased from 3.3% in 2010 to 8.5% in 2013. 16 In 2012-2013, among US adults who had ever used e-cigarettes, 29 .8% reported any current use of e-cigarettes. 17 The beliefs about e-cigarettes also appear to be overall positive, with 50.7% of US adults believing that e-cigarettes are less harmful than combustible cigarettes in 2012-2013. 18 Snus has also been proposed as a product that may reduce the population burden of tobacco use. Snus use has been associated with the decline in cigarette smoking in Sweden, 19 suggesting the potential of snus to be a harm reduction product. However, these observations have not been replicated in the United States. For example, snus advertisements in the United States rarely feature harm reduction or smoking cessation. 20 Additionally, while a study in Sweden found that snus use is not associated with smoking initiation, 21 our previous research showed that snus use predicted subsequent combustible cigarette smoking in a cohort of US Midwest young adult nonsmokers. 22 Snus sold in the United States also seems to be different from that in Sweden. Previous studies found that Swedish snus and US snus are different in their pH, moisture content, tobacco-specific nitrosamines, and other chemical compositions. 23, 24 Although the prevalence of snus use is not as high as e-cigarettes, among those US adults who had ever used snus, 15.9% reported any current use of snus in 2012-2013. 17 Beliefs about snus were also less favorable than of e-cigarettes. In 2009, only 4.5% of US adults who had heard of snus thought that snus is less harmful than combustible cigarettes. 25 Our understanding of e-cigarette and snus is limited in the following ways. First, previous studies that examined e-cigarette and snus harm-related beliefs have only focused on their harm relative to combustible cigarettes. 18, 25, 26 They did not examine beliefs about these products related to their addictiveness and abilities to assist smoking cessation. Second, no studies to date have examined the trends in e-cigarette and snus-related beliefs using a longitudinal cohort study. Tan and colleagues attempted to examine e-cigarette harm-related beliefs over time by aligning the estimates from a few studies conducted between 2010 and 2013. 18 However, because of the differences in sampling frames and survey modes across these studies, it was difficult to determine if e-cigarette harm-related beliefs has changed over time. Third, some of these studies only include combustible cigarette smokers, 26 and therefore the trend in e-cigarette harm-related beliefs among nonsmokers is largely unknown.
In light of these limitations, we aimed to assess the trends in awareness and use of, and beliefs about e-cigarettes and snus among a cohort of young adults (aged 21-29) from the US Midwest. We focused on young adults because studies have shown that young adults are more likely to have tried e-cigarettes and snus, 7, 16 and to view them as less harmful than combustible cigarettes. 6, [25] [26] [27] Furthermore, young adults are still developing their tobacco use behaviors. 28, 29 Therefore, it is important to monitor the trends in awareness, use of, and beliefs about these novel tobacco products, especially since our previous work showed that positive beliefs of e-cigarettes (eg, less harmful than cigarettes, helping people quit smoking) predicted subsequent experimentation with e-cigarettes among smokers and nonsmokers alike.
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Methods
Study Population
The Minnesota Adolescent Community Cohort (MACC) study is a population-based cohort study that began in 2000. The purpose of the study was to examine the development of tobacco use behaviors during adolescence and emerging adulthood. Sampling, recruitment, and data collection methods have been described in detail elsewhere. 31 Briefly, Minnesota was divided into 126 unique geopolitical units (GPUs), to reflect geographic, political, and tobacco control environments. Sixty GPUs were randomly selected for participant recruitment. In addition, five GPUs from four comparison states (North and South Dakota, Michigan, and Kansas) were selected due to their demographic similarities with Minnesota. To ensure equal age distribution, a combination of probability (random digit dialing) and quota sampling was used to sample one adolescent per household among eligible households (ie, having at least one individual aged 12-16 years) from the selected GPUs. Clearwater Research, Inc. conducted sampling and recruitment.
A total of 3636 participants in Minnesota and 605 participants in comparison states were enrolled in 2000-2001 (recruitment rate of 58.5%). An additional cohort of 585 12-year-old participants from Minnesota were recruited in 2001-2002 from the 60 Minnesota GPUs using the same probability and quota sampling (recruitment rate of 63.6%), which brought the total study sample size to 4826. Telephone surveys that included questions about tobacco use and attitudes towards tobacco were completed every 6 months through 2007-2008, and then annually from 2008 to 2013. Monetary incentives ($25) were provided for participation. The present study includes data collected in the 2010-2011, 2011-2012, and 2012-2013 data collection cycles (response rates were 69.1%, 67.6%, and 64.4%, respectively). Compared to those who responded in these data collection cycles, individuals who did not respond were likely to be male, race/ethnic minorities, and younger (Chi-square p < .05). This study was approved by the University of Minnesota Institutional Review Board.
Measures
At each cycle of data collection, we assessed awareness and use of e-cigarettes and snus by asking the participants if they had ever heard of these products, ever used these products, and the number of days they used these products in the 30 days prior to the survey. Participants who were aware of e-cigarettes were also asked about their beliefs related to e-cigarettes using a 5-point Likert-scale where they rated their levels of agreement with the following statements (strongly agree to strongly disagree): e-cigarettes can help people stop smoking cigarettes; e-cigarettes are less harmful than cigarettes; and e-cigarettes are less addictive than cigarettes. Similarly, participants who were aware of snus were asked to rate their level of agreement with the following statements using the same 5-point Likert scale: snus can help people stop smoking cigarettes; snus is less harmful than cigarettes; and snus is less addictive than cigarettes. Responses were later dichotomized where "strongly agree" and "somewhat agree" were categorized as "agree" and "neither agree nor disagree", "somewhat disagree", and "strongly disagree" were classified as "other."
We collected information on covariates found to be associated with e-cigarette and snus awareness and use in previous studies. 27, 32 These included age, gender, race/ethnicity, peer smoking (number of friends out of four closest who smoke cigarettes), education (high school or less, more than high school but less than 4-year college, 4-year college or more), and smoking status (nonsmoker: <100 lifetime cigarettes; former smoker: smoked ≥100 cigarettes but none in the past 30 days; current smoker: smoked ≥100 cigarettes in their lifetime and smoked at least once in the past 30 days). Information on education, peer smoking, and smoking status were collected in every cycle.
Statistical Analysis
To assess the trends in awareness and use of and beliefs about e-cigarettes and snus, we employed repeated measures generalized linear models for dichotomous outcomes (ie, awareness, ever used, past-30-day use, and beliefs) and repeated measures general linear models for a continuous outcome (ie, number of days used in the 30 days prior to data collection). Data collection years (2010-2011, 2011-2012, and 2012-2013) were entered into the model as categorical variables, using 2010-2011 as the reference year, while adjusting for time-invariant demographics (eg, race/ethnicity, gender) and timevariant covariates (eg, education, peer smoking, and smoking status). We explored whether the trends in awareness, use, and beliefs varied by demographics, peer smoking, and smoking status by including interaction terms between these variables and data collection year. All analyses were conducted in SAS version 9.3 (SAS Institute Inc.: Cary, NC) using PROC GLIMMIX and PROC MIXED to account for clustered sampling. Table 1 presents the characteristics of the study sample at each data collection cycle. Demographic characteristics did not differ by data collection cycle (p > .05), but number of peers who smoke and reported smoking status differed significantly by data collection cycle (p < .05). Increasing proportions of the sample became aware of e-cigarettes, had ever used e-cigarettes, and had used e-cigarettes in the past 30 days during 2010-2013 (p < .05). Increases in proportions of the sample ever using e-cigarettes and using e-cigarettes in the past 30-day across data collection cycle were observed in all smoking statuses (p < .05). Number of days used e-cigarettes in the past 30 days also slightly increased (p < .05). Also, among those who were aware of e-cigarettes, an increasing proportion believed that e-cigarettes help people quit smoking, are less harmful than cigarettes, and are less addictive than cigarettes (p < .05). Regarding snus, there were slight increases in the proportion of the sample that became aware of snus and had ever used snus. There was a slight decrease in past 30-day use of snus, while the number of days used snus in the past 30-days remained stable. Among those who were aware of snus, the proportion of the sample believing snus helps people quit smoking and is less harmful than cigarettes slightly increased over time. However, none of these changes were statistically significant over time (p > .05). The proportion of the sample believing snus is less addictive than cigarettes slightly decreased over time (p < .05). Table 2 shows the adjusted time effect on e-cigarette measures from multiple logistic and linear regression models. Compared to 2010-2011, young adults in the sample were over two times more likely and over five times more likely to have heard of, have ever used, and have used e-cigarettes in the past 30 days in 2011-2012 and 2012-2013, respectively, after controlling for demographics, peer smoking, and smoking status (p < .05). Compared to 2010-2011, the number of days using e-cigarettes in the past 30 days did not increase in 2011-2012, but did increase in 2012-2013 by 0.19 days (p < .05). However, among those who reported using e-cigarettes in the past 30-days, the number of days using e-cigarettes remained stable at around 4-5 days. Compared to 2010-2011, young adults in the sample were increasing likely to agree that e-cigarettes help people quit smoking and are less harmful than cigarettes over time (p < .05), while no clear trend was shown in agreeing e-cigarettes as less addictive than cigarettes. There were no interactions between these e-cigarette measures and demographics or smoking status (p > .05). Table 3 shows the adjusted time effect on snus measures from multiple logistic and linear regression models. Compared to 2010-2011, young adults in our sample were slightly more likely to be aware of snus, and were slight more likely to have ever used snus in 2011-2012 and 2012-2013 (p < .05). The magnitudes of these increases were smaller than those of e-cigarettes. There were no significant changes in the proportion of young adults in our sample who reported using snus in the past 30 days, and in the number of days using snus in the past 30 days over time (p > .05). However, there was a significant interaction between race/ethnicity and year of data collection regarding number of days using snus in the past 30 days (p = .0017; Figure 1 ). Furthermore, among those who had used snus during the 30 days prior to data collection, the number of days using snus increased from 4.80 days in 2010-2011 to 8.21 days in 2012-2013 (p < .05; Table 2 ). Among those who had heard of snus, young adults in our sample were more likely to agree that snus is less harmful than cigarettes in 2012-2013 when compared to 2010-2011 (p < .05).
Results
Discussion
The prevalence of e-cigarette use has increased in the United States in recent years, especially among young adults. 16, 33 Our findings from following a cohort of young adults from the US Midwest on awareness and use of e-cigarettes are consistent with these previous reports. We also observed that young adults in our sample were increasingly likely over time to believe that e-cigarettes are less harmful than cigarettes and can help people quit smoking. These increasing trends in positive beliefs about e-cigarettes may explain the increasing prevalence of e-cigarette use. Young adults who believed that e-cigarettes are less harmful than cigarettes and can help people quit smoking, compared to those who did not share those beliefs, were more likely to subsequently experiment with e-cigarettes; this was true among smokers and nonsmokers alike. 30 Thus, with the increasing trends in positive beliefs related to e-cigarettes among young adults, we would expect an increasing trend in prevalence of e-cigarette use in this population. It is important to note that trends in use of and beliefs about e-cigarettes did not vary significantly by smoking status, supporting the conclusion from a previous study that e-cigarette use increases in both adult smokers and nonsmokers. 33 In contrast, awareness and ever use of snus, and believing snus as less harmful than cigarettes only showed slight increases in our sample during the observation period. This may indicate that while the product is novel, young adults have not overcome their initial rejection of the product. A previous qualitative study found that although young adults found snus to be convenient and modern, they also expressed snus to be gross and distasteful. 34 Young adults who participated in that study also were skeptical about whether snus could help smokers quit smoking. Nonetheless, it is noteworthy that among those who reported using snus in the past 30-days, there was a significant increase in the number of days used.
Further analysis showed that, among current smokers, number of days using snus in the past 30 days was not associated with number of days smoked in the past 30 days (p = .51). Thus, this increase may represent more frequent dual use of cigarettes and snus during the past 30-days. It is unclear why the trends in number of days using snus in the past 30 days differ by race/ethnicity. The sudden decline in the number of days using snus among race/ethnic minority young adults could be due to Minnesota cigarette and smokeless tobacco tax increases in 2013. Given most of the snus users are also cigarette smokers, 27 racial/ethnic minority young adults may be more likely than non-Hispanic white young adults to reserve their financial resources for cigarettes and reduce snus use, given racial/ethnic minorities are found to be more price-sensitive than non-Hispanic whites. Only those who had heard of the products were asked about their perceptions of the product.
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An additional reason for the divergence between the awareness and use of and beliefs about e-cigarettes and snus may be the differences between the industries' marketing efforts. US magazine advertising expenditure data showed that e-cigarette companies spent US $1 million to advertise their product in magazines in 2010, and rapidly increased to US $85 million by 2014. 36 E-cigarette advertisements also often feature messages related to harm reduction and/or smoking cessation. 4, 20 In contrast, after spending US $62 million in 2010 to advertise snus in US magazines, tobacco companies spent only US $2-5 million per year between 2011 and 2014 to promote snus in magazines. 36 Additionally, in the United States, it was uncommon for snus advertisements to feature messages related to harm reduction and/or smoking cessation, but to feature flavors and price promotions. 20 While it is likely that e-cigarettes and snus are less harmful than cigarettes, 19, 37 communicating these messages to the population, especially among young adults, could be challenging. On one hand, the overall population burden of tobacco use could be reduced if smokers completely switch to e-cigarettes or snus, and reduced health risk has been cited as one of the top reasons for using these products among smokers. 38 However, e-cigarette and snus use have not been shown to be associated with smoking cessation or reduction in our sample of young adults (data not shown), or other population-based studies. 10 On the other hand, positive beliefs of e-cigarettes and snus can promote e-cigarette and snus use among non-tobacco users, 30 and subsequently promote cigarette use. [12] [13] [14] [15] Additional research is needed to craft effective messages to convey harm of e-cigarettes and snus that would promote complete replacement of cigarettes with e-cigarettes or snus among smokers who cannot quit, and to prevent non-tobacco users from starting tobacco use with these products. One limitation of the present study is attrition, which may introduce bias to our findings. It is likely that the estimated prevalence presented may not be representative of all young adults in the US Midwest. However, the trends in e-cigarette use in our sample mirror that of a national serial cross-section study conducted during the same observation period. 33 Furthermore, when we repeated out analyses using only data from participants who had completed all three cycles of data collection, and found only minimal changes in association estimates. This provides us confidence on the validity of the trends we observed. The US Midwest sample in this study also limits our ability to generalize the findings to young adults in other US regions. We do not have data for 2014 and forward, which may be more relevant in a rapidly changing tobacco use environment. However, we believe our data provide an important historical point of reference for future comparison, especially related to beliefs about e-cigarettes and snus. Data from the 2014 US National Health Interview Survey showed that among young adults (aged 18-24 years), 21.6% had ever used e-cigarettes and 5.1% used e-cigarette every day or some days., 39 which were higher than our estimates based on the 2012-2013 data collection. Another US national study found that in 2015, 45.5% of 18-24 year-olds and 36.8% of 25-34 year-olds believed that e-cigarettes are less harmful than cigarettes. 40 These estimates are higher than those we estimated in 2012-2013. We did not identify recent national data on snus use and perceptions. A strength of the present study is its longitudinal design, which allowed us to assess within-person changes over time, and provide additional statistical power to test interactions compared to serial cross-sectional studies.
In conclusion, we observed rapid increases in awareness and use of, and positive beliefs about e-cigarettes, but modest increases in these measures of snus among our US Midwest young adult sample. It is important that subsequent studies measure additional beliefs about these two products beyond relative harm to cigarettes, so that we can gain a deeper understanding of how various beliefs related to these products change over time. Strategically conveying the harm of these tobacco products to different subpopulations may be needed to maximize the risk-to-benefit ratio of increasing use of these products at the population level.
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